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© Process for producing olefin polymers. 

® In a process for producing olefin polymers using 
a homogeneous catalyst composed of 

(A) a liquid transition metal compound the metal 
of which belongs to group IVB of the Periodic 
Table and 

(B) an aiuminoxane. ' 

The catalyst is separated from the resulting 
polymer and further olefin is repeatedly polymerized 
using the separated catalyst. 
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© Process for producing olefin polymers. 



© In a process for producing olefin polymers using a homogeneous catalyst composed of 

(A) a liquid transition metal compound the metal of which belongs to group IVB of the Periodic Table 

and 

(B) an aiuminoxane. 

The catalyst is separated from the resulting polymer and further olefin is repeatedly polymerized using the 
separated catalyst. 
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Process for producing olefin polynners 



This invention relates to a process for producing olefin polymers. More panicutariy .t relates to a 
process for producing olefin polymers using a small quantity of a catalyst and yet affording a good catalyst 
efficiency, by repeatedly using a specified homogeneous catalyst. 

As homogeneous catalysts for olefin polymerization, the so-called Kaminsky catalyst system has been 
5 well known. This catalyst system has a very high polymerization activity, and yet for example, m the case of 
propylene polymerization, it has been known that either of atactic polypropylene and isotacuc polypropylene 
can be produced (see fy^akromol. Chem.. Rapid Commun.. 4. 417-421 (1983) and Angew. Chem. int Eg. 
Engl.. 24. 507-508 (1985)). 

FuTther. a long term duration of the polymerization activity is one of the specific features of this catalyst 
10 system (see J. Polym. Sci.. Polym. Chem. Ed.. 23. 2151-2164 (1985)). 

However, the catalyst system has a high ratio of an aluminoxane to a transition metal compound, for 
example, of an order of 1.000:1 and at the highest. 10«:1. When such a large quantity of an aluminoxane is 
used, it is necessary to subject the resulting polymer to a large scale treatment in order to remove 
undesirable aluminum. Further, there has also been a problem that the cost of aluminoxane is high. 
,5 in order to solve these problems, a process has been known that it is possible to reduce the ratio of an 
aluminoxane to a transition metal compound by using a reaction product of a transition metal compound 
with an aluminoxane (see Japanese patent application laid-open No. Sho 63-501.962-1988), but according to 
the process, the polymerization activity has been low and the quantity of the aluminoxane used has been 
still not reduced. 

20 Further, a process has also been proposed that olefins ai-e polymerized by using a catalyst composed 
of a transition metal compound and a mixed organoaluminum compound consisting of an aluminoxane and 
an organoaluminum compound, and according to such a process, the polymerization activity per unit 
transition metal is improved (see Japanese patent application laid-open Nos. Sho 60-130.604/1985 and Sho 
60-260.502'l985). 

25 According to these processes, however, there has also been a problem that the quantity of the 
aluminoxane used is large and the activity per unit aluminoxan^is still low. 

SUMMARY OF THE INVENTION 

The present inventors have made extensive research in order to solve the above-mentioned problems, 
and as a result, have found that it is possible to reduce the quantity of aluminoxane used according to the. 
following process for producing olefin polymers: 

Namely, by polymenzmg olefins by the use of a catalyst composed essentially of a liquid transition 
35 metal compound and an aluminoxane. followed by separating the resulting olefin polymers from the catalyst 
components and carrying out olefin poiymenzation by repeatedly using the separated catalyst components, 
olefin pbiymers are produced with a good efficiency. 

The present invention is charactenzed in that 
in the process for producing olefin polymers which polymerizes . an olefin by contacting it with a 
40 homogeneous catalyst composed essentially of 

(A) a liquid compound of a transition metal belonging to group IV B of the Periodic Table and 

(B) an aluminoxane. the improvement which comprises- separating said catalyst from the resulting 
polymer and polymerizing said olefin repeatedly using the thus separated catalyst. 
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BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows a flow sheet illustrating the process of the present invention. 

DETAILED DESCRIPTION. OF PREFERRED EMBODIMENTS 

The liquid transition metal compound (A) the metal of which belongs to group IVB of the Penodic Table, 
as one cf the catalyst comoonents used in the orocess of the present invention, refers to a transition metal 
ccmcouno .naving as a bicentate licand. a compound of cross-linked structure type having r^o groucs 
seiecteo from ircenyi group a.'^a its partially hydrogenaieo substance bonded thereto by the medium of a 
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lower alkyl group, a transition metal compound having two cyclopentadienyl groups or substituted cyclopen- 
tadienyl groups, a transition metal compound having a biscyclopentadienyl ligand of cross-hnked structure 
and further, an organic trar«ition meta. compound expressed by the formula R%MX^ where.n R' represents 
a hydrocarbon radical. M represents a transition metal belong-ng to group IVB of the Penod.c Table. X 

s Represents a halogen atom, p represents an integer of l to 4. q represents an integer of 0 to 3 and p * q = 4. 
7r Hi and Ti are preferred as the transition metal. 

■ Examples of compounds of Zr. Hf or Ti are ethylenebis(indenyl)2irconium dichloride. ethylenebis- 
(indenyl)2irconium dimethyl. ethylenebis(indeny.)zircomum diphenyl. ^^'^y'^'^^''^^'-''-^^^^^^^^ 
Oen!l)2iconium dichloride ethylenebis(4.5.6.7.tetrahydro.1.indenyl)z.rcomum dimethyl. ethyleneb.s(4- 

,0 meth dichlolide. ethylenebis(5-methy.-l-ihdenyl)zirconium dichloride. ethyleneb.s^- 

S^meLl.i-indenyl)2irconium dichloride. ethylenebis(4.7.dimethyM-.ndenyl)2ircon.um d'C^oride. 
b "cyc.opentadieny.zirc^ dichloride. bis(methylcyclopentadienyl)zirconium <^*='^'-^^«;,,^^;^^-2-^;";«7'- 
cyclopentadienyDzirconium dichloride. bis(1.3-dimethy.cyclopentadienyl)r.rconium dichlonde^ b.sO.2.3- 
uLethylcyclopentadienyDzirconium dichloride. bis(1 .2.4-trimethylcydopentadienyl)zirconium dichloride^ b.s- 

,5 r4-t^methWcyciopeniadienyl)z.rconium dimethyl. bis(1.2.3.4-te.ramethylcyc.opentad.enyl zirconiurn d - 
chfonde bis(1.2.3.4^etramethylcyclopentadienyl)2irconium dimethyl. b.s(pentamethylcyclopentad,enyl)- 
zirconium dichloride. tetrabenzylzirconium. .etraneopen.ylzirconium. '^'1^^°^'^'''''°'''^ ':^^^^^^^ 
conium Chloride. - dineophylzirconium dichtoride. tetraallylzircon.um. dimethyls^ylb s- 
<methylcyclopentadienyl)zirconium dichloride. dimethylgermylbis(methylcyclcpentad.enyl)zircon.um dichlo- 

,0 r^r ethylenebis(indenyl)hafnium dichloride. biscydopentadienylhafnium d.chlonde. *methy s y bis- 
;reihyJ:yc.opentadienyl)hafnium dichloride. biscyclopemadienyltitar^ium dichlonde. dimethylsHyibis- 
(methylcyclopentadienyl)titanium dichloride. etc. ^^♦^^ =in 

The aluminoxane (B) as another catalyst component used in the process of the present invention is an 
organoaluminum compound expressed by the formula [I] or [II] 
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wherein R' presents a hydrocarbon radical such as methyl group, ethyl group, propyl group, butyl group. 
Ttrpreferably methyl group and ethyl group and m represents an integer of 4 to 30. preferably 6 or more. 

'"Te;^ronof%°:c: impounds is known, .or example, a process o, adding a trialky. aluminum to a 
suspension of a compound containing adsorbed water, a salt containing water of crystalliza^on such as 
copper sulfate hydrate, aluminum sulfate hydrate. etc. in a hydrocarbon medium may be illustrated. . . 

Examples of the olefin used for polymerization reaction in the process of the present invention are c- 
olefins such as ethylene, propylene, l-butene. 4.methyl-1-pentene. 

dodecene. l-tetradecene. l-hexadecene, l-octadecene. i-eicosene. etc.. and mixed components of two or 
more of the foregoing may be used for the polymerization. ^ „^ , o 

Funnel. dieSes such as butadiene, i .4.hexadiene. l.4.pentadiene. ^•7-o<=tadiene l.8.nonad|ene^ v9 
decadiene etc. or cyclic olefins such as cyclopropene. cydobutene. cyclohexene. norbomene. dicyclopen 
tadiene etc. are also effectively used in the copolymerization thereof with a-olefins. 

The polymerization process employed in the present invention is applicable to either oiJO^^^ P^^^ 
polymerization or gas phase polymerization. As the polymerization solvent for '^^^'^^'^l^^ "^^^^^^ 
aromatic hydrocarbons such as benzene, toluene, o-xylene. m-xylene. ^^^^f/^/^^^^^^ 
zene mesitylene. naohthaiene. etc.. aliphatic hydrocarbons such as n-butane. isobutane. n-pe"«"e " 
nexane. n-neptane. n-octane. n-decane. etc.. alicyclic hydrocarbons such as cydopemane. -"f '^Vf 'f^^^P^"; 
tane cvc.ohexane. cyciooctane. etc.. petro.eum fractions such as gasoline, kerosine. gas oil. etc may t:- 
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used. Among these, toluene, xylene, n-hexane. n-heptane. etc. are preferred. 

Fur.her. liquefied olefins such as liquefied propylene, liquefied butene-i. etc.. themselves may also De 
usable as the solvent. 

The phase of olefin polymers in the polymerization system may be present .n the state of solid phase 
5 or liquid phase or mixed phase thereof. 

As to the production process of the present invention, a series of steps may be carried out batchw.se or 

in continuous manner. 

As to the catalyst components, two components of (A) a transition metal compound the metal of which 
beloncs to group IVB of the Periodic Table and (B) an aluminoxane may be in advance mixed, followed by 
TO feeding the m.xture to the reaction system, or the two components (A) and (8) may be separately fed to the 

reaction system. , . . 

In either case, the concentrations and molar ratio of the two components m the polymerization system 
have no particular limitation, but the concentration of the transition metal is preferably in the range of lO"' 
to 10-2 mol/l and the molar ratio of A I /transition metal atom is preferably in the range of ICH to )0'. more 

75 preferably tO^ to 10^ ^ ^ ^ u 

Further, the organoaluminum compound expressed by R„AlCl3. wherein R represents a hydrocarbon 
radical of i to 10 carbon atoms and n represents 1 to 3. may be used if necessary. 

The olefin pressure of the reaction system has no particular limitation, but it is preferably in the range of 
the atmospheric pressure -to 70 Kg/cm^G. and the polymerization ^temperature also has no particular 
20 limitation, but it is usually in the range of -50* to 230 ' C. preferably 20* to 100 C. 

Adjustment of the molecular weight in the polymerization may be carried out by known means such as 
choice of temperature and pressure or introduction of hydrogen. 

In the process of the present invention, the separation of the resulting olefin polymer from the catalyst 
consisting of the two components (A) and (B) may be carried out by subjecting a solid phase olefin polymer 
25 and the catalyst consisting, of the two components (A) and (B) to a known separating means m the presence 
of a hydrocarbon compound. 

Concretely, in the case of liquid phase polymerization using a hydrocartjon compound such as toluene, 
hexane. etc. as a polymerization solvent, the resulting olefin polymer after polymerization may be separated 
from the polymerization solvent by means of decantation. filtration, etc. Further, in order to raise the 
30 separation efficiency, the olefin polymer may be washed with a hydrocarbon such as toluene, hexane. etc.. 
followed by separation. 

In the case of liquid phase polymerization using a liquefied olefin such as liquefied propylene, liquefied 
butene-1. etc. as the polymerization solvent, the resulting olefin polymer may be separated from the 
liquefied monomer immediately after the polymerization by means of decantation. filtration, etc.: alter- 

35 natively the solvent may be first removed by means of removal under reduced pressure, etc., followed by 
wasning with a hydrocarbon compound such as" toluene, hexane. etc. and then separating the olefin - 
polymer therefrom by means of decantation, filtration, etc. In the case of gas phase polymerization, the 
resulting olefin polymer may be mixed with a hydrocarbon compound such as toluene, hexane. etc. after 
the polymerization, followed by washing and then separating the olefin polymer from the hydrocarbon 

40 compound by means of decantation, filtration, etc. 

Further, in the case of production of an olefin polymer soluble in a polymerization solvent, the resulting 
solution consisting of the olefin polymer and the solvent may be cooled to thereby deposit the olefin 
polymer from the solution to bring it into a solid state, followed by separating the polymer by means of 
decantation. filtration, etc. 

45 In the separation process, the catalyst consisting of the two components (A) and (B) is separated 
together with the hydrocarbon solvent such as toluene, hexane. etc. from the olefin polymer. 

The hydrocarbon compound used for washing in the separation process may be a compound in which 
the catalyst consisting of the two components is soluble even in a small quantity, and the compound has no 
particular limitation besides, but toluene, xylene.' hexane. pentane. etc. may be preferably used. 
50 The temperature at which the olefin polymer is separated from the catalyst consisting of the two 
components (A) and (B) may be a temperature at which the two components (A) and (B) are not deactivated 
due to their oecomposition or the like when they are again used for polymerization, and it has no particular 
limitation besides, but it is preferably in the range of O' to 100 C. 

Further, the separatiori of the olefin-polymer from the catalyst consisting of the two component (A) and 
53 (B) may be earned but several times separately. 

As to the process of again polymenzing the olefin using the seoarated catalyst consisting of the two 
ccmpcnents (A) and (B). the catalyst consisting of the two components (A) and (B) may be fed to the 
polymerization system and contactea with the olefin. 
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The catalyst consisting of the two components (A) and (B) may also be led to the polymerization 
system together with the hydrocarbon compound such as toluene, hexane. etc. separated together with the 
two components (A) and (B) in the separation process or after removing a poaion or the total of the 

hydrocarbon compound. 

Further, fresh component (A) and component (B) each in a small quantity may be additionally added to 
the catalyst followed by feeding the resulting mixture to the polymerization system. 

The number of times in which the catalyst consisting of the two components (A) and (B) is repeatedly 
used for the polymerization has no particular limitation, and it is possible to repeatedly use the catalyst 
consisting of the two components (A) and (B) until its polymerization activity has been lost. 

According to the process of the present invention for producing olefin polymers by the use of a liquid 
transition metal compound the metal of which belongs to group IVB of the Periodic Table and aluminoxane. 
in which process the catalyst is separated from the resulting olefin polymer, followed by again carrying out 
olefin polymerization using the separated catalyst, it has become possible to produce olefin polymers 
efficiently in a small quantity of the catalyst used, and particularly it has also become possible to reduce the 
quantity of aluminoxane used, the aluminoxane having so far been used in a large quantity and very 

expensive. ^ i- - - 1 

The present invention will be described in more detail by way of Examples. 



20 Example l 

Po lymerization (1) 

into a 1 7 t capacity SUS autoclave sufficiently purged with nitrogen gas were successively added 
purified toluene (700 ml), methylaluminoxane (fvlW: 770) made by Toyo Stauffer Co Ltd^ (1.6 mmoO and 
ethylenebis(indenyl)zirconium dichloride (O.OOt mmo.) in nitrogen atmosphere. 

femoerature up to 50 ' C. continuously introducing propylene into the autoclave so as to '<e«P- the total 
pressure of propylene at 3 Kg/cm^ to carry out polymerization for 2 hours, stopping the propylene feed^ 
pLrg^g unreaaed propylene and withdrawing the resulting polymer slurry (1) from the autoclave m nitrogen 
atmosphere. 
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Secaration and polymerization - 

" The polymer slurry (1 ) was filtered with a glass filter (G-4) while keeping the temperature of the slurry at 
50- C in nitrogen atmosphere to separate polypropylene powder from the toluene solution.. 

The polypropylene powder was sufficiently dried, followed by measuring its yield and molecular weighty 
adding the tcJal quantity of the toluene solution into a 1.7 t capacity SUS autoclave suffic.en y purged w,tn 

40 nitrogen gas in nitrogen atmosphere, raising the temperature up to 50 C. continuously introducing 
propylene into the autoclave so as to keep its total pressure at 3 Kg.cm^G to carry polymenzation for 2 
hours, stopping the propylene feed, purging unreacted propylene and withdrawing the resulting polymer 
slurry (2) from the autoclave in nitrogen atmosphere. 

Separation and polymerization (3) .: - - 

Separation and polymerization (3) were carried out in the same manner as in the separation and 
polymerization (2) except that the polymer slurry (1) was changed to the polymer slurry (2). 

50 

Seoaration and polymerization (4) 

Seoaration and polymerization (4) were carried out in the same manner as in the separation and 
££ polymerization (2) except that the polymer slurry (1 ) was changed to the polymer slurry (3). 

Seoaraticn and colymerizaticn iS) 
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Separation ano poiymenzation (5) were earned out in the same manner as in the separation anc 
polymerization (2), followed by withdrawing the resulting polymer slurry from the autoclave. 

The polymer slurry was filtered with a glass filter to oPtam polypropylene powder followed by 
sufficiently drying the powder and measuring its yield and molecular we.gnt. The results are shown m Table 
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Table 





Polymer 
yield 

is] 


Average 

nolecular 

weight 

IK.] 




(1) 


5 6 


2 5 0 0 0 


rz 

N 
•H 


(2) 


4 5 


2 3 0 O" 0 


U 
O 


(3) 


4 3 


2 4 0 0 0 


B 
> 


(4) 


3 2 


2 6 0 0 0 


O 


(5) 


2 5 


2 4 0 0 0 





Total, polymer yield 


Total polymer yield 


30 


?2r trar.sition metal 

* 


per aluminoxane * 




[l,0 = 2-PP/aiol.-Zr.] 


[g-PP/g - aluminoxane] 


35 


2 0 1 


16 3 



<0 



Total polymer yield: total polyner yield of 

polymerizations (1) to (5) 
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Example 2 



CQ Polymerization (1) - 

Into a 1.2 t capacity SUS autoclave sufficiently purged with nitrogen gas were successively added 
metnylaluminoxane (M.W.: 880) made by Toyo Stauffer Co.. Ltd. (0.5 mmol). c^S^iMbS 
(methyicyclcpentacenylUicccnium dichloride (0.0005 mmol) and liouefied propylene (300 q) followed bv 
.5 carrying out polymerization for 2 hours while keeping the polymerization temperature at 50 ' C 



Seoaraticn anc colymeriratxn f2) 
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Unreacted propylene inside the autoclave was purged, followed by adding purified toluene (700 ml) in 
nitrogen atmosphere, agitat-ng the m.xuture at 50'C lor 15 minutes, withdrawing the '"9 POiynjer 
slurry from the autoclave .n nitrogen atmosphere, and filtering the slurry w,th a glass f.lter (G.4) while 
keeping the temperature at 50 ' C to separate polypropylene powder from the toluene solution. 

s The polypropylene powder (polymer of polymerization (1)) was sufficiently dried, followed by measuring 
its yield and molecular weight, removing toluene from the toluene solution under reduced pressure until its 
total quantity became 10 ml. adding the total quantity of the toluene solution concentrated m nitrogen 
atmosphere into a 1.2 capacity SUS autoclave sufficiently purged with nitrogen gas. adding liquefied 
propylene (300 g) and carrying out polymerization for 2 hours while keeping the polymerization temperature 

i6 at50"C. 

Separation and polymerization (3) 

,5 Separation and polymerization (3) were carried out in the same manner as in the separation and 

polymerization (2). .... 

Separation and polymerization (4) 

Separation and polymerization (4) were carried out in the same manner as in the separation and 
polymerization (2). • ' 



20 



25 Separation and polymerization (5) 

Separation and polymerization (5) were carried out in the same -manner as in the . separation and 

'"''v^^ propylene inside the autoclave was purged, followed by withdrawing PO'YP^opy.ene powder 
30 from the autoclave sufficiently drying the polypropylene powder (polymer of polymenzation (5)) and 
measuring its yield and molecular weight. The results are shown in Table 2. . " * 
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Table, 2 





Polyner 
yield 


Average 

molecular 

weight 

[Fi3] 


5 

- (1) 

S (2) 
u (3) 
e (4) 
P (5) 


4 7 
4 0 
3 2 
2 9 
2 0 


110 0 0 
110 0 0 
1 0 0 0 0 
1 2 0 0 0 
1 0 0 0 0 
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Total polyiner yield 
per transition metal'' 

[ 10^g"PP/mo 1-Zr] 


Tota^l polymer yield 
per'^aluminoxane * 

[ g - P P / g -aluminoxaneJ 


3 3' 6 


- 4 2 0 



30 



Total polymer yield: the total polymer yield of 

polymerizations (1) to (5) . 



Example 3 

40 z. 

Example i was repealed except that the quantity of ethylenebis(indenyl)2irconium dichloride used was 
changed from 0.001 mmol to 0.0002 mmol, the quantity of methylaluminoxane used was changed from 1.6 
mmol to 0.4 mmol and the monomer was changed from propylene to ethylene. The results are shown in 
Table 3. 

4$ 



Exampte 4 

Examole l was repeated except that ethylenebis(indenyl)2irconium dichloride (O.OOl mmol) was 
changed to bisd .2.4-irimethylcyclopentadienyl)2irconium dichloride (0.0002 mmol) and the monomer was 
changed from propylene to ethylene. The results are shown in Table 3. 

Examcle 5 

Examcle 2 was reoeated exceoi that dimethylsiiylbis(methylcyciopentadienyl)2irconium dichloride 
(0.0005 rr.moi) was changed to ethyleneois(indenyl)hafnium cichlonce (0.002 mmol), the Quantity of 
metnyiaiumir.oxane usee was cnanged from 0.5 mmol to 1.2 mmol and the polymerization time was 
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changed from 2 hours to 4 hours. The results are shown in Table 4. 



;5 



20 



25 



Table 



1 




Polyner 
yield 


Average 
mo 1 ocular 
weight 

[K ] 


m 

V 

E * 

X 


1 (1) 

S (2) 
(3) 
^ (i^ 

P 


4 7" 
4 4 
3 5 

2 2 


8 5 0 0 0 
8 3 0 0 0 
8 0 0 0 0 
8 2 0 0 0 
8 4 0 0 0 


c 

c 

5 

X 


1 (1) 
S (2) 
u (3) 

(5) 


5 8 
5 3 
4 1 
2 9 
1 9 


6 3 0 0 0 

5 9 0 0 0 

6 0 0 0 0 
6 0 0 0 0 
5 7 0 0 0 
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Total polymer yield 
per transition .netal* 

[1 0*g-?E/ool-Zr] 



5 

X 



-8 9 5 



Tocal polymer yield 
■per aluniinoxane * 

[ g - P E / g -aluminoxane ] 



-5 8 1 



1 0 0 



1 6 2 



so 



X 



55 
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5 








Polyner 


Average 












V i s 1 


molecular 
weight 




10 








is] 




[m3 ] 








Lion 


(1) 


6 1 


1 


4 0 0 


0 




ample 5 


ymeriza 


(2) 
(3) 
(4) 


4 7 
4 3 
3 1 


1 
1 
1 


5 0 0 
5 0 0 
4 0 0 


0 
0 
0 




X 


0 


(5) 


2 4 


1 


2 0 0 


0 



20 





Total poly^ier yield 
per transition* netal* 


Total polymer yield 
per alurninoxane * 




[lO^g-PP/inol-Zr] 


C S " P P / S - alurninoxane ) 


in 








10 3 


2 15 


c 






1 







-0 * Total polymer yield in Tab±es 3 and 4: the total 

polymer yield of polymerizations (1) to (5). 

Claims 

1- A process for producing olefin polymers by polymerizing an olefin by contacting it with a 
homogeneous catalyst composed of: y i m a 

(A) a liouid compound of a transition metal of group IV B of the Periodic Table, and 

(B) an aluminoxane. 

Characterised in that the catalyst is separated from the resulting polymer and further olefin is repeatedly 
polymerized using the separated catalyst. cyecicuiy 

" nr , t ^ "'""^ '° T"" ' "'^ ''''""^ "'"pound is a zirconium, hafnium 

or titanium compound selected from; "e'n'uiii 

emyieneo.s.inaenyl)zirconium oichlcnde. ethyleneb.s(indsnyl)zirconiumdimethyl. ethylenebis(indenyl). 
zirconium o.pnenyl. e:hyieneb,s(4.5.5.7-tetranydro.i-.ndenyl)zircon.um dichlor.de. et!;ylenefc.s(4.5 S 7- 



10 
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tetrahydro-i-tndenyl)2irconium dimethyl. ethylenebis(4-methyl-1-indenyl)2irconium dichloride. ethylenebis(5- 
methyl-i-indenyl)2iconium dichloride. ethyienebis(2.3-dimethyt-i-indenyi)2irconium dichionde. eihylenebis- 
(4.7-dtmethyl- 1 -indenyl)2irconium dichloride. biscyclopentadieny l2irconium dichloride. bis- 
(memytcyciopentadienyl)2irconium dichloride. bis(1.2-dimethylcyclopentadienyl)2irconium dichloride. bis- 
(l.3-dimethylcyclopentadienyl)zirconium dichloride. bis(l.2.3-lrimethyicyclopentadienyl)2irconium dichloride. 
bis(l.2.4-trimethylcyclopentcdienyl)2irconium dichloride. bis(1.2.4-trimethylcyclopentadienyl)2irconium 
dimethyl. bis(l .2.3.4-telramethylcyclopentadienyl)2irconium dichloride. bis(1 2.3.4-tetrameihytcyclopen- 
tadienyl)2irconium dimethyl. bis(pentaethylcyclopentadienyl)2irconium dichloride. tetraben2yl2irconium. 
ietraneopentyl2irconium. teiraneophyl2irconium. trineophylzirconium chloride. dineophyl2irconium dichloride. 
tetraallyl2irconium, dimethylsilylbis{meihylcyciopentadienyl)2irconium dichloride. dimethylgemiylbis- 
{methylcyclopentadienyl)2irconium dichloride. ethyleneb(S(indenyl)hafnium dichloride, biscyclopentadienyl- 
hafnium dichloride, dimethylsilylbis(methylcyciopentadienyl)hafnium dichloride. biscyclopentadienyltitanium 
dichloride and dimethylsilylbis<methylcyclopentadienyl)titanium dichloride. 

3. A process according to claim 1 or claim 2 wherein the aluminoxane is an organoaluminum compound 
of the formulae: 

0 A Jl R ' 2 - [ I ] 



or 



f 0 A JZ ] m'2 



C II ] 



R ' 



wherein R' is a methyl, ethyl, propyl or butyl group, and m is an integer of from 4 to 30. 

4. A process according to any one of the preceding claims in which the olefin is an o-oiefin selected 
from ethylene, propylene, 1-butene. 4-methyl-l-pentene, l-hexene, l-octene. l-decene. l-dodecene. l- 
tetraaecene. i-hexadecene, i-octadecene. i-eicosene and mixtures thereof. *. ' . 

5. A process according to claim 4 wherein the o-olefin is copolymerired with a diene and/or a 
cycloolefin selected from butadiene, l .4-hexadi9ne. 1.4-pentadiene. IJ-octadiene, 1.8-nonadiene. . 1.9- 
decadiene, cyclopropene. cyclobutene. cyclohexene. norbornene or dicyclopentadiene. 

6. A process according to any one of the preceding claims wherein the polymeri2ations are carried out 
in the liquid phase using a polymerization solvent. 

7. A process according to claim 6 wherein the polymerization solvent is ben2ene. toluene, o-xylene. m- 
xylene, p-xylene. ethylbenzene. butylbenzene. mesitylene, naphthalene, n-butane. isobutane. n-pentane, n- 
hexane. n-heptane. n-octane. n-decane. cyclopentane. methylcydopentane, cyclohexane. cyclooctane. 
gasoline, kerosine. gas oil, liquefied propylene, liquefied butene-l or a mixture of two or more thereof. 

8. A process according to claim 6 or claim 7 wherein the polymerizations are carried out under an olefin 
pressure of from atmospheric pressure to 70 Kg/cm^G. at a polymerization temperature of -50 * C +230 C 
and for a period- of 1 to 50 hours. 

9. A process according to any one of claims 6-8 wherein the concentration of the liquid transition metal 
compound in the liquid phase is from 10" to 10"*^ mol/t in terms of the transition metal and the molar 
ratio of the aluminoxane to the liquid transition metal compound is from from 10^ to 10' in terms of At the 
transition metal atom. 
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